Garlic, Allium sativum L. (Liliaceae) occupies the top spot of the National Cancer Institute list of designer foods that protect cancer. The various biological activities of these foods are classified into roughly 2 functions: cardiovascular disease prevention and cancer prevention. Cholesterol synthesis, platelet aggregation, and arterial smooth muscle proliferation inhibition as well as anti-inflammatory, anti-oxidant, and hydrogen sulfide-mediated vasodilatory activities are included in the former category. Effects on carcinogen metabolism (enhanced cellular glutathione synthesis and induced cell cycle arrest and apoptosis), Helicobacter pylori infection, gastric cancer, and colorectal cancer make up the latter category.
Garlicnin A from the Fraction Regulating Macrophage Activation of
Garlicnin A (1), a new stable, sulfur-containing compound isolated from a fraction of the acetone extracts of Allium sativum L. garlic bulbs, showed the potential to suppress tumor cell proliferation by inhibiting the polarization of M2 alternatively activated macrophages, and its structure was characterized as 3,4-dimethyl-5-(4,5-dithia-1E,7-octadiene)-tetrahydrothiophene-2-sulfoxide-S-oxide, on the basis of the results of spectroscopic analysis results.
chromatography. It was first eluted with water and then with MeOH (the residue after evaporation: 17.9 g). Part (3.0 g) of the methanolic eluate was partitioned between AcOEt and water. The respective residues (Fr. 1: organic layer 0.8 g; Fr. 2: aqueous layer 2.1 g) were examined for their ability to control macrophage activation.
Macrophages that infiltrate cancer tissues are referred to as tumor-associated macrophages (TAMs) and are closely involved in the development of the tumor microenvironment. [6] [7] [8] TAMs are considered to belong to alternatively activated macrophages (M2) because of their anti-inflammatory functions. 9, 10) In the case of certain tumor types, the presence of TAMs is associated with poor prognosis in patients. [11] [12] [13] Therefore, inhibition of M2-macrophage polarization is known to suppress tumor cell proliferation.
Incubation of human monocyte-derived macrophages with interleukin (IL)-10 for 2 d increased expression of the M2 macrophage marker CD163. Under the same conditions, the effects of Fr. 1 and Fr. 2 on IL-10-induced CD163 expression were measured. We found that Fr. 1 and Fr. 2 inhibited CD163 expression, suggesting Fr. 1 and Fr. 2 suppress M2 amacrophages as shown in Fig. 1 .
The organic residue (Fr. 1, 4.62 g) was repeatedly chromatographed on silica gel to provide two compounds, one of which was identified as (E)-ajoene (34.0 mg).
14) The other compound was recognized as new substances, thus named as garlicnin A (1: 42.8 mg). The results of a qualitative analysis using a sodium nitroprusside test confirmed the presence of these compounds.
Positive high-resolution fast atom bombardment mass spectrometry (HR-FAB-MS) of compound 1 showed a peak corresponding to [MϩNa] ϩ at m/z 347.0249 (Calcd for C 12 H 20 O 2 S 4 Na to be 347.0244). The infrared (IR) spectrum of compound 1 showed absorption bands at 1025 and 2360 cm Ϫ1 corresponding to sulfoxide and SH groups, respectively. In the 1 H nuclear magnetic resonance (NMR) spectrum of compound 1, signals due to 2 secondary methyl groups at d The heteronuclear multiple bond correlation (HMBC) spectrum exhibited correlations (Fig. 2) and constructed 2 partial structures consisting of 3,4-dimethyl-5-(1E-propyl)-tetrahydrothiophene-2-sulfoxide-S-oxide moiety and allyl moeity. These 2 parts were suggested to be combined with dithia group because HR-FAB-MS indicated the presence of 4 sulfur atoms and 2 methylenes that possess no HMBC correlation to each other. Therefore, the structure of compound 1 was characterized as 3,4-dimethyl-5-(4,5-dithia-1E,7-octadiene)-tetrahydrothiophene-2-sulfoxide-S-oxide. Furthermore, the nuclear Overhauser effect spectroscopy (NOESY) spectrum showed the following 1 H-1 H correlations: H-2 and CH 3 -3; CH 3 -3 and H-4; H-3 and CH 3 -4; CH 3 -4 and H-5; H-5 and H-1Ј; H-2Ј and H-3Ј; CH 2 -6Ј and H-7Ј; and H-7Ј and CH 2 -8Ј. The configuration of the 1-sulfoxide in compound 1 was determined using the aromatic solvent-induced NMR shift and addition of the Eu(fod) 3 shift reagent as in the case of compound 1; that is, comparison of the 1 H-NMR spectrum of compound 1 in CDCl 3 with that in C 6 D 6 showed that most of the signals in the latter case were shifted upfield. The only signals that remained relatively unchanged were those of CH 3 -3, H-2 and H-4 as listed in Table 1 . 15, 16) Next, greater changes were observed in the 1 H-NMR chemical signals by d 0.17, 0.51, and 0.35 owing to CH 3 -3, H-4, and H-2, respectively, after sequential addition of the Eu(fod) 3 shift reagent in CDCl 3 than in the signals of CH 3 -4, H 3 -3, and H-5 by d 0.06, 0.17, and 0.16, respectively, as listed in Table 2 . 15) Thus, the 1-S-oxide group on the tetrahydrothiophene skeleton is thought to have an axial arrangement.
The proposed production of compound 1 is shown in Chart 2: allyl sulfenic acid derived from (ϩ)-S-allyl L-cysteine sulfoxide (alliin) present in garlic would yield diallyl thiosulfinate (allicin), which would then be transformed to 1-propenyl 1-propene-thiosulfinate by double-bond rearrangement and then become converted to 2,3-dimethyl-butanedithial 1-oxide by [3, 3] -sigmatropic rearrangement. 17) Next, that compound may be ring-closed to a thiophene derivative, which would be further attached by 1-propenesulfenic acid derived from allicin to finally produce garlicnin A (1).
Experimental
General Experimental Procedures Optical rotation was measured using a JASCO P-1020 (lϭ0.5) automatic digital polarimeter. The IR spectrum was measured using a Fourier Transform FT/IR-4200 spectrometer (JASCO). The 1 H-and 13 C-NMR spectra were measured in CDCl 3 and C 6 D 6 using a JEOL alpha 500 spectrometer at 500 and 125 MHz, respectively, and the chemical shifts were found to be on the d (ppm) scale. The HR-FAB-MS were measured using a JEOL JMS-DX303HF mass spectrometer and taken in a glycerol matrix containing NaI. Column chromatography was carried out on Diaion HP-20 (Mitsubishi Chemical Industries), and silica gel 60 (230-400 mesh, Merck). Thin layer chromatography (TLC) was performed on silica gel plates (Kieselgel 60 F254; Merck). TLC spots were visualized under UV light (254/366 nm), sprayed with 10% H 2 SO 4 and anisaldehyde, and then heated.
Plant Material The garlic bulbs (A. sativum L. family Liliaceae) imported from China were identified by Prof. Kotaro Murakami. A voucher specimen (SBGH 10-07-16-203) was deposited in the Herbarium of the Botanical Garden at Sojo University, Kumamoto, Japan.
Extraction and Isolation Peeled garlic bulbs (7615 g) of garlics were roughly chopped and homogenized in a mixer along with acetone. The mixture was subsequently soaked in acetone for 3 d at room temperature. The filtrate was concentrated at 40°C in vacuo to obtain a syrup residue (346.3 g) that was then subjected to passage over a polystyrene gel (Diaion HP-20) and eluted using H 2 O and MeOH (17.9 g residue). A partial methanolic residue (3.0 g) was partitioned between AcOEt and water. The organic and aquous layers were individually evaporated to dryness to give the respective residues (Fr. 1: organic residue 0.8 g; Fr. 2: aquous residue 2.1 g). The respective residues were used for macrophage activation inhibition tests. The above AcOEt residue (4.62 g) was further subjected to silica gel column chromatography (CHCl 3 -MeOHϭ100 : 1→n-hexane-acetoneϭ 4 : 1) to provide 2 compounds (compounds 1, 2, 42.8, 34.0 mg, respectively). 
